The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity and polyphenol content of 25 dried fruits were evaluated and compared with fresh fruits. The contribution of ascorbic acid to this activity was also determined. All dried fruits contained DPPH radical-scavenging activity with hawthorn, apricot and blueberry having the highest. Other dried fruits containing rind also had high activity. The DPPH radical-scavenging activity and polyphenol content of dried fruits were highly correlated.
sequently induce cancers, aging and life-style related diseases.
Free radical-scavenging activities are detected in various kinds of foods (Arai et a/., 200 1 ; Wang and Lin, 2000; Hirota et a/., 2000) and the results of clinical applications have been reported (Hibatallah et al., 1 999) . In addition, the changes of free radical-scavenging ingredients during processing and cooking of vegetables have also become evident (Crozier et a/., 1997;  Yamaguchi et a/., 200 1). Therefore, it is anticipated that intake of these radical-scavenging ingredients in the daily diet can prevent cancers, aging and lif~e-style related diseases.
Processed foods, and alcoholic and non-alcoholic beverages with added functional ingredients have been increasing on the market, and the production and consumption of these functional foods and beverages are also increasing (Chandan, 1999) . There are many reports of the functional ingredients in vegetables and fruits. We previously reported the functional ingredients of alcoholic and non-alcoholic beverages (Ishiwata et a/., 2000, 200la, b) .
Since fresh fruits are rich in radical-scavenging compounds, dried fruits are also expected to be good sources of these compounds. However, these compounds may be decomposed durIng drying. Therefore, radical-scavenging compounds in dried fruits have to be determined in order to determine the food function of these fruits.
In this paper, we evaluated I , 1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity of various dried fruits as well as ascorbic acid and polyphenol contents, and compared them to those of fresh fruits.
Materials and Methods
Mate/'ials Dried fruits were purchased from local markets in Nara and Yokohama, Japan. Water content of each dried fruit was determined by drying method at 1 10'C. Industries (Osaka). The water used in this experiment was purified with Milli-Q Labo equipment (Millipore Japan, Tokyo).
P/'eparation of mate/'ials Dried fruits from the market were cut into small pieces, smashed in liquid nitrogen and freeze-dried (Vinson et al., 1998) . We used those freeze-dried fruit powders throughout this work.
Measurement of DPPH /'adica/-scavenging ac'tivities Dried fruit powder was first extracted twice by ethanol, and then the residue was extracted twice by water. Before determination, extracts were filtered through a Cosmonice filter-W (0.45 um, 25 mm i.d.). Measurement of DPPH radical-scavenging activities was carried out using the DPPH-HPLC method (Yamaguchi et a/., 1998) . The HPLC analysis was carried out on a TSK gel Octyl-80Ts column (4.6Xl50 mm, Tosoh, Tokyo) equipped with a Hitachi L-7420 UV-VIS detector at room temperature. The mobile phase was methanol/water (70 : 30, v/v) and the flow rate was I ml/min. Detection wavelength was 5 17 nm.
The radical-scavenging activities of ethanol and water extracts were determined separately and summation of the activities in the two extracts was used. A blank was run without sample, and Trolox was used as the positive control. Radicalscavenging activity was expressed as ascorbic acid equivalent.
Measu/~ement ofascol~bic acid Dried fruits were extracted by 5% metaphosphoric acid with or without I % stannous chloride to deteamine [dehydroascorbic acid+diketogulonic acid] or Lascorbic acid+dehydroascorbic acid+diketogulonic acidj, respectively. Ascorbic acid was measured by HPLC according to Kishida et a/. ( 1992) . HPLC analysis was carried out on a Cosmosil C 1 8-AR-II column (4.6x250 nm. Nacalai Tesque) with a Hitachi L-7420 UV-VIS detector at room temperature. The mobile phase was acetonitrile/water (50 : 50, v/v) adjusted at pH 3.5 with 0.1% triethylamine and phosphoric Country Radical-scavenging activity (mg ASA eq/1 OO g dry weight)
AsA<'] contribution (o/c) Water content ( Measurement (if Po!yphenol c'ontent Dried fruits were extracted by 80% methanol. Measurement of polyphenol content was carried out according to Singleton and Rossi ( 1965) and Kahkonen et a/. ( 1999) using Folin-Ciocalteu reagent solution .
Results and Discussion
Radica/-scavenging activities oj' d/'ied and fresh f7-uits DPPH radical-scavenging activity of 22 kinds of dried fruits and 1 6 kinds of fresh fruits corresponding to the dried fruits are shown in Table I . Among dried fruits, hawthorn contained the highest radical-scavenging activity. Dried fruits with rind such as apricot, cranberry, prune, and rakanka also contained high activity. However, the contribution of ascorbic acid was negligible in dried fruits, which suggests that the radical-scavenging activity may originate from other active compounds such as polyphenols. Table I also shows that the radical-scavenging activity of dried fruits was lower than that of the corresponding fresh fruits on a dry weight basis. On a fresh weight basis, however, dried fruits generally contained higher activity than fresh fruits. These results suggest that the dried fruits, especially those with rind, are a good source of radical-scavenging activity.
Radic'a/-scavenging activity in /~ind and pulp of .files/7 f,•uits Since high radical-scavenging activ dried fruits with rind, the activity in rind and pulp of fresh fruits was determined (Table 2 ). In all fruits except apricot, the activity of rind was higher than that of pulp. However, fresh fruits are usually eaten without the rind. Therefore, dried fruits with rind are suitable for efficient intake of radical-scavenging activity. Leong & Shui (2002) reported that the contribution of ascorbic acid to radical-scavenging activity in fresh fruits was higher than our results. This may be due to the difference in the methods used, as previously reported by Murakami et a[, (2002) .
They determined 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical-scavenging activity, while we used DPPH radical .
Polyphenol c'ontent o,f d/-ied and,fresh fr'uits Polyphenol content of dried and fresh fruits is shown in Table 3 . Among dried fruits, hawthorn contained the largest amount of total polyphenols, followed by blueberry, grape, and apricot. In addil 54
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Correlation betwcen radical-scavenging actlvlty and total polyphenols in dried fruits. GAE, gallic acid equivalent. Table 4 . Polyphenol content of pulp and nnd of fresh frurts tion, the total polyphenol content of dried fruits with rind was high. The fruits containing high DPPH radical-scavenging activity tended to contain a large amount of polyphenols; as shown in Fig. I , these two factors are highly correlated in dried fruits. These results suggest that the contribution of polyphenols to radical-scavenging activity is large in these fruits. In this study, individual polyphenolic compounds could not be determined, however, polyphenols in some fresh fruits have been reported: cyanidin and peonldin-3-galactose in cranberry (Kankdnen et a!., 2001); cyanidin and chlorogenic acid in blueberry (Tsushida, 1 998) and prune (Donovan et a/., 1998) ; and catechin, epicatechin, gallic acid and malvidine-3_ -glucoside in grape (Iwashina, 1994) . Further study on individual compounds in fresh and dried fruits is necessary.
Po!ypheno/ content oj' rind and pulp of , Polyphenol content of rind and pulp of fresh fruits was determined (Table 4) . In all fruits except apricot, the polyphenol content of rlnd was higher than that of pulp, as true of the radical-scavenging activity. Since fresh fruits are usually eaten without rind, eating dried fruits with rind are a good means of efh~cient intake of polyphenols as well as radical-scavenging activity.
Conclusions
Among the dried fruits examined, hawthorn, apricot and blueberry had the highest radical-scavenging activity. Though ascorbic acid did not contribute to this activity, polyphenol content was highly correlated with it. Since dried fruits, especially with rind, contain high radical-scavenging activity and polyphenol content, they as well as fresh fruits are considered healthy and suitable for preventing life-style related diseases.
